The effect of fatigue on the interfacial properties of carbon fibre model composites was investigated, employing the fragmentation test. Continuous and discontinuous single carbon fibre model composites were manufactured and subjected to strain controlled fatigue loading. Whilst no effect of cyclic loading on the fibre/matrix interface of continuous fibres was detected. a significant reduction in the interfacial strength of the discontinuous fibre specimens was measured.
INTRODUCTION
Fatigue damage in fibre composites can be detected in forms of matrix cracking, local fibre breakage, fibre-matrix debonding, void growth, delamination [1] . The loading conditions (i.e. the testing parameters) may promote certain failure mechanisms, in an attempt to simulate the realistic stress cycles the material is subjected to [2] . The failure mechanisms under cyclic loading can also be detected in the fatigue life diagrams [3] .
A constituent based analysis can produce substantial guidelines regarding the fatigue failure modes of composites [4] . With respect to the reinforcing phase -the fibres -experimental results have shown that the higher the fibre modulus, the longer the fatigue life of the composite, approaching its static strength [5] . Regarding the matrix material, epoxy resins exhibit superior behaviour in fatigue, compared with polyester, silicone and fainolic matrices. An accepted critical strain to fatigue failure (strain amplitude) for epoxy resins is 0.6% [6] . Finally, as far as the role of interface (and/or interphase) is concerned, there is contradicting evidence about the effect of the interfacial toughness on the fatigue performance of composites [7, 8] .
Whilst extended reviews of the parametric role of fibres, matrix and interphase have been conducted [4] , there seems to be no information on the inverse and primary phenomenon, that is the effect of fatigue on the composite material constituents and the fibre-matrix interface, in particular.
The influence of fatigue loading on the micromechanics of reinforcement will be examined in this presentation, on long fibre model composites, as well as on model composites with fibre discontinuities. Whilst the former will provide information on the fatigue effects at the interfacial strength, when fibre, matrix and interface are all uniformly subjected to pure axial loading, the latter will allow the examination of the interfacial bond under shear fatigue, as the initial fibre discontinuities will cause cyclic shear loading at their vicinity, parallel to the axial loading of the whole specimen. The experimental technique employed in the current investigation is the well known fragmentation test (FT) [9] [10] [11] [12] [13] .
EXPERIMENTAL
Over thirty dogbone single fibre model composites were manufactured for this programme of work. The matrix material was epoxy resin Ciba LY-564/hardener HY2954 of nominal Young's modulus of 2.5 GPa, after the recommended postcuring cycle. The fibre was M40b (surface treated by the manufacturer, Toray) of 400 GPa nominal Young's modulus. Stress -strain curves were derived for dummy (no fibre) specimens for measuring the matrix properties. At least three specimens were assigned for static tests. The rest were subjected to fatigue loading from 0+ to 0.6% applied strain (minimum and maximum respectively), to assure an amplitude below the critical fatigue limit of the matrix material. The cycle frequency was 10Hz. At least three specimens were fatigued for each number of cycles: 10 3 , 10 4 and 10
5
. Two more groups of specimens were prestrained (static loading) at 1.5% to introduce initial fibre discontinuities, unloaded and then fatigued as above, at 10 3 and 10 4 cycles.
Strain gauges were attached to each specimen, which in tum was positioned on the purpose -built extensometer, fitted on the stage of an optical microscope. The 30mm experimental gauge length was scanned optically at each increment of applied strain and the fragmentation process was monitored up to saturation. At the end of each test, the number of fibre breaks vs applied strain curve was produced. The significance or not of the difference between the resulting distributions was assessed statistically by using one-way ANOVA tests.
RESULTS
Resin specimens were tested in tension and the stress -strain curves were derived for one nonfatigued specimen (S 1), one fatigued specimen at 10 3 cycles and 10Hz (S2) and one fatigued specimen at 10 3 cycles and 20 Hz (S3). S2 exhibited a 10% rise and S3 a 20% rise in the Young's modulus, compared to the non-fatigued specimen S1.
FT on long fibre model composites.
The graphical description of the experimental data is given in figure 1 , for the non-fatigued, and fatigued specimens (10 3 , 10 4 , 10 5 cycles). The fibre breaks distribution with strain has been interpolated by a sigmoidal (Boltzman) distribution curve, for comparison purposes. The following direct observations can be made:
• The fibre fracture process is initiated at -1.2% applied strain for the non -fatigued specimens and gradually shifts to lower strains, the higher the number of loading cycles (the first fibre fracture in the specimens fatigued at 10 5 cycles appeared at 0.8% strain).
• The number of fibre breaks at the saturation of the fragmentation process (end of FT) remains impressively constant for all specimens, irrespective to the fatigue history.
• The rate of fibre fracture with strain depends on the fatigue history of the specimen. The larger the number of loading cycles, the higher the speed of the fibre fracture generation with strain. Ff on discontinuous fibre model composites.
The non-fatigued specimens were prestrained at 1.5%. An initial number of breaks (about 20 breaks were detected at this level of strain). The specimens were then unloaded and subjected to the same procedure as the long fibre models. The fragmentation process was then continued up to saturation. Regarding the long fibre model composites, the cyclic loading (zero -tension) can be modelled as if acting uniformly on the fibre, matrix and interface, in a manner described at the sketch of figure 3a.
The number of fibre fractures after the saturation of the fragmentation process, appears unaffected by the fatigue history of the sample. As the strength of the interfacial bond is proportional to the number of fibre breaks in a selected gauge length [9] , it could be claimed with confidence, that fatigue loading below the matrix fatigue limit, does not affect the strength of the interfacial bond of the examined fibre/resin system.
The consistent increase of the speed of the fragmentation process with the number of loading cycles, can be interpreted in terms of resin hardening, due to temperature rise during the cyclic loading. The increase in Young's modulus corresponds to a proportional increase in the resin shear modulus G, which contributes to the load transfer rate between fibre and matrix [14] . Thus, it is believed that as the fibre fracture process is initiated, the stress transfer near the fibre discontinuities, takes place at a higher rate, resulting in a more efficient fragment loading at lower strains. The axial cyclic loading on discontinuous fibre model composites, can be analysed as an axial cyclic loading of all constituents, plus, shear cyclic loading at the vicinity of the fibre breaks. This mechanism is schematically displayed in figure 3b.
The completion of the fragmentation process on the discontinuous and fatigued specimens ( figure  2a and 2b ), resulted in a consistently smaller number of fibre breaks, about 6% smaller than the continuous fibre test. The latter accounts for a reduced interfacial shear strength, by approximately 6%, for the fatigued specimens, compared to the non-fatigued ones. The comparative approach of our analysis, has allowed us to avoid the long going on discussion about a reliable numerical treatment of the FT results, for obtaining a reasonable interfacial strength value [9] [10] [11] [12] [13] .
The reduction in the number of fibre breaks at saturation, for the case of discontinuous fibre model composites, can be interpreted by an increase of the ineffective length [10, 13] . The cyclic shear stresses at the vicinity of the fibre breaks disintegrate the interfacial bonds in the region. This debonded or partially debonded length does not contribute to the stress transfer mechanism any more [13] . Further evidence of the phenomenon will be provided in a future publication, where the fragment strain will be measured in situ, using Laser Raman probing.
